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ABSTRACT Intact living frogs (Rana pipiens) were partially immersed in 
dilute salt solution labeled with K
4
2
 or Na
2
4
 or, alternatively, injected with 
Ringer's fluid containing the appropriate isotope and then partially immersed 
in unlabeled dilute salt. Before isotopic equilibrium, the animals were sacri-
ficed and specific activities of K
4
2
 and Na
2
4
 were determined for medium, skin, 
plasma, and other tissues. With Na
24, entering from the medium or escaping 
to the medium, specific activities of the skin approach that of the plasma. 
For K
42, entering from the medium, the specific activity exceeds that of the 
plasma. The results are interpreted as indicating that the exchange rate for 
Na is greater plasma to skin than medium to skin, with the reverse situation 
for K. Values are given for average Na, K, and CI contents of the various 
organ systems. 
Intact frogs sitting in pond water or dilute saline solutions will transfer Na 
and CI from the environment to the body against the considerable chemical 
gradient (seeKrogh, 1939). K and Ca, on the other hand, are not known to be 
transferred on a net basis, although studies on isotope exchange have not been 
reported extensively. The ability of the isolated frog skin to move ions and 
water has been clearly demonstrated over a period of several decades. Such 
studies, usually with high salt (Ringer's fluid or equivalent osmotic concentra-
tion) on both sides of the skin, may or may not have relevance to the physio-
logical functioning of the skin in situ with the animal in a normal environ-
ment. For example, the intact skin is apparently able to regulate water inflow 
very precisely from pond water to near Ringer's fluid strength, while the 
denervated skin seems to behave as a simple osmotic membrane (see Adolph, 
1933) so far as adjustments to osmotic changes are concerned. 
Penetration of ions both into and across the isolated skin bathed in physio-
logical salt solutions generally appears to follow the rules stated by Ussing 
and his coworkers (see MacRobbie and Ussing, 1961): 
1. The outward facing boundary of the epithelium is permeable to Na 
and CI but impermeable to K and S04. 
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2. The inward facing boundary is permeable to K and CI, but practically 
impermeable to Na and S04. 
The experiments reported here are concerned with relative exchange rates 
of Na and K between environment and skin and between blood and skin in 
the intact animal in a near normal environment. The evidence was gained 
by placing frogs, half immersed, in dilute salt solutions, made radioactive 
with K
42C1 or Na
24Cl, and then determining specific activities of the appro-
priate ions in blood plasma, skin, and other tissues at a time when the spe-
cific activity within the animal was still much less than that of the medium. 
The rationale is that if the outer surface of the skin is more permeable, or has a 
higher exchange rate, than the inner surface, then the specific activity of the 
element in the skin should be higher than that of the plasma, whereas with a 
reverse orientation of permeability or exchange rate, the appropriate elements 
in the skin should have specific activities approaching those of the plasma. 
The results show that with Na
24, the specific activity of the skin follows 
closely that of the plasma, whereas for K
4
2
 the specific activity of the skin is 
always higher than that of the plasma. 
In addition, confirmatory experiments are reported in which the radioac-
tive material was injected into the animals. The tissues were then assayed 
for specific activities following appropriate periods of washout into large vol-
umes of dilute external medium. 
The interpretation of the results is, of course, complicated by the relative 
distributions of Na and K in the skin, the former being largely extracellular, 
the latter intracellular. 
MATERIALS AND METHODS 
Rana pipiens frogs were used as obtained from a Wisconsin dealer. The animals were 
maintained in a moist environment without feeding. K
4
2
 and Na
24, as chlorides, were 
obtained from Iso/Serve Inc. and used without further purification. Exchange be-
tween animals and environment was studied either by half immersing the animals in 
a medium consisting of tap water with 1 mM NaCl and 1 mM KC1 and trace amounts 
of isotope, or by injecting the animals with 0.5 to 1 ml of Ringer's fluid with appro-
priate tracer added. Tap water was used in making the solutions since that approxi-
mated the normal aqueous medium for the animals. Final concentrations of ions were 
determined by flame photometry. 
In either influx
1 or outflux experiments the animals were confined loosely in plas-
tic-covered containers perforated with numerous 5 mm holes to allow free exchange 
with the immersion fluid: radioactive dilute salt for the influx experiments, cold 
dilute salt for the outflux. The weight of the frogs ranged from 20 to 30 grams; the 
volume of the immersion fluid varied, depending on the type of experiment, from 
1 The terms influx and outflux as used in this paper designate directions of movement of radioactive 
isotopes. Thus no precise statement is intended regarding net movements of ions. It is assumed that 
no net change in concentration takes place in any of the gross phases. 1113  H. BURR STEINBACH Na and K Exchange between Frogs and Environment 
150 ml to several liters. In all cases, the radioactivity of the fluid was monitored, as 
was that of the whole frog, at intervals during the experiment. Temperatures varied 
somewhat in the range of 23° to 26 °C. 
At the end of the experimental period (7 to 20 hours) the animals were sacrificed, 
blood samples were taken by draining from the ventricle, and tissue samples were 
taken and weighed. In most instances radioactivity was determined with the fluid 
or tissue samples in plastic tubes in a well counter. Extracts or dilutions were then 
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FIGURE 1. Uptake of Na
2
4
 by two intact frogs half immersed in tap water with 1 MM 
NaCl, 1 mM KC1, Na
2
4
 added in trace amounts. End window, whole body counts with 
counter window approximately 10 cm above animal. Data in boxes indicate specific 
activity of plasma relative to the medium, and specific activities of tissues relative to the 
plasma, at end of period. The two sets of points indicate individual variations between 
animals, probably not related to sex. 
made. Tissues were extracted routinely with 10 ml of distilled water plus one drop of 
concentrated HN03, the tubes being heated to 80-90 °C for about 3 minutes and 
then allowed to stand 12 or more hours. Preliminary tests showed that this procedure 
extracted over 95 per cent of the Na, K, and CI, the ions with which the analysis 
was concerned. 
During the periods of immersion of the animals, radioactivity of the whole body 
was monitored by draining the plastic containers, rinsing with nonradioactive dilute 
salt solution, draining again, and then placing the containers at a measured dis-
tance (usually 6 cm) from an end window counter. Thus both gamma and beta 
radiations were measured at time intervals, a fact that makes the interpretation of 
the whole body counts difficult. The maximum range of the beta rays in water, and 
presumably in frog tissue, is on the order of a centimeter or so. Thus a whole body 
count with the end window counter stationed above the animal would be measuring 
distribution of the isotope as well as total radioactivity contained in the body. THE JOURNAL OF GENERAL PHYSIOLOGY • VOLUME 49 • 1g66  I I 14 
RESULTS 
The Uptake of Na
2i and K
12 
Absolute rates of movement of Na or K into or out of intact frogs are not 
presented, primarily because of the very large individual differences ob-
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FIGURE 2. Uptake of K
4
2
 by intact frogs half immersed in tap water with 1 mM NaCl, 
1 mM KC1, K
4
2
 in trace amounts. End window, whole body counts at times indicated. 
Data in boxes indicate specific activity of plasma relative to the medium at the end of 
the time period, and specific activities of tissues relative to the plasma. 
served (Figs. 1 and 2). It seems probable that these individual differences 
may be due to a variety of factors such as degree of water and electrolyte de-
pletion or excess, nutritional state, and activity of the endocrine system. Since 
the objective of the series was to follow the relative degree of equilibration of 
parts of the organism with the environment, no attempt was made to deter-
mine with any degree of accuracy the exchange rate involved. However, 
in accordance with past findings, it is clear that the exchange of Na
24, en-
vironment to animal, is several times faster than the exchange of K
42. 1113  H. BURR STEINBACH Na and K Exchange between Frogs and Environment 
Within the limits of accuracy of the measurement, uptakes of both Na and 
K are nonlinear, especially for the first hour or so. In part, this may be due 
to disturbance of the animals during handling for the whole body counts. 
Distribution time within the animal must play an important role. 
Loss of K
i2 and Na
2i from Animal to Environment 
Ringer's fluid containing K
4
2
 or Na
2
4
 was injected in 0.5 to 1.0 ml amounts 
into the body cavity of frogs. The frogs were then rinsed, placed in the con-
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FIGURE 3. End window, whole body counts of frogs injected with K
4
2
 or Na
2
4
 and then 
half immersed in large volumes of nonradioactive medium (tap water with 1 mM 
NaCl, 1 mM KC1) for times indicated. At termination, the specific activity of the me-
dium for the Na
2
4
 animals was approximately 2 per cent of that of the plasma; for the 
K
4
2
 animals, less than 1 per cent. Points are averages of 3 determinations for K
4
2
 ex-
periment and 4 for Na
24. Vertical lines indicate variance. 
tainers, and partially immersed in a large volume (10 to 15 liters) of the 2 mM 
salt solution. At intervals the containers with animals were drained, rinsed, 
and drained, and whole body radioactivity was counted as described above. 
Representative results are shown in Fig. 3. 
The initial rise in measured radioactivity must be due to the distribution of 
the isotope within the animal via the blood stream. This takes from 30 to 60 
minutes, a fact which indicates that the rate of distribution of injected material 
is relatively very slow. I have been unable to find precise mixing times re-
ported in the literature for material injected into frogs. It is clear from these 
results that, in experiments involving distribution of injected material via the 
body cavity, it must be assumed that a considerable time elapses between in-THE JOURNAL OF GENERAL PHYSIOLOGY • VOLUME 49 • 1g66  I I 14 
jection and uniform distribution. It is of interest that Adolph (1931) found 
little or no effect of the circulation on water uptake by frogs. 
The slow rise in body counts, lasting up to 2 hours for Na
24, probably repre-
sents the slow exchange of the isotope with tissue sodium, especially in the 
skeleton and musculature. Similarly, the very long slow rise with K
4
2
 probably 
indicates the slow equilibration of tissue K
4
2
 with that of the plasma. 
TABLE I 
SPECIFIC ACTIVITIES OF Na
2
4
 AND K
4
2
 OF SELECTED TISSUES 
EXPRESSED AS PERCENTAGES OF SPECIFIC ACTIVITY 
OF BLOOD PLASMA 
"Influx" refers to cases where the radioactive element was taken from the 
medium by the animal; "outflux" refers to cases of immersion of animals 
in nonradioactive medium following injection of Na
2
4
 or K
42. Per cent spe-
cific activities presented as averages with standard errors of mean. Figures in 
parentheses indicate number of cases and ranges of values. K
4
2
 figures in 
brackets are for those cases where arbitrary corrections for excessive K of 
plasma were made (see text). Average specific activity of plasma as percent-
age of medium in influx experiments: Na
24, 12% K.
42, 3%. 
Na
2
4
 K« 
Tissue  Influx  Outflux  Influx  Outflux 
Belly skin  87±3 (6) 
(79-102) 
86±4 (6) 
(76-100) 
230 (4) 
[167 (5)] 
(100-270) 
195±19* 
[87 (3)] 
(63-120) 
Back skin  84±3 (6) 
(74-94) 
88±2 (6) 
(82-100) 
130 (4) 
[119 (5)] 
(91-172) 
127±8* 
[58 (3)] 
(50-65) 
Heart  82±3 (6) 
(75-95) 
79±5 (6) 
(65-94) 
100 (4) 
[82 (5)] 
(49-110) 
90±7* 
[65 (3)] 
(60-69) 
Muscle  79 ±2 
(73-83) 
77±8 
(43-96) 
56 (4) 
[46 (5)] 
(32-67) 
50 ±4* 
[65 (3)] 
(53-74) 
* Combined averages. 
Clearly, with K
42, there is no indication of any pronounced outflux of K. No 
accurate balance sheet was kept to compare the K
4
2
 level of the medium with 
that of the animal, but the whole body count indicates negligible loss. On the 
other hand, there is evidence of a slow loss of Na
2
4
 after about the third hour. 
The experiments do not indicate whether this loss is by exchange across the 
skin or by excretion in the urine, although quantitatively the latter seems un-
likely. H. BURR STEINBACH Na and K Exchange between Frogs and Environment 1113 
Relationship between Specific Activities of Na and K of the Skin, the Outer 
Environmental Medium, and the Blood Plasma 
The major objective of the series of experiments was to compare the specific 
activities of Na
2
4
 and K
4
2
 with the appropriate specific activities of the en-
vironment on the one hand and the blood plasma on the other. In turn, two 
sets of conditions were imposed: First, during the influx series, the specific ac׳-
tivities of the medium were always greater by a factor of at least 4 than the 
specific activity of the animals (plasma or other tissues); second, during the 
outflux experiments, the specific activity of the environment was always very 
low, less than 2% of that of the animal. Table I summarizes the results. 
With respect to Na
24, specific activities of both back and belly skins (the 
animals were immersed up to just below their armpits) followed faithfully the 
specific activities of the blood plasma. This was true whether the Na
2
4
 was 
entering the skin from the medium or from the plasma. In the influx experi-
ments the specific activity of the medium, at the sacrifice of the animal, was 
always at least 4 times greater than that of the plasma. Therefore, penetra-
tion of isotope from environment to skin was sufficiently slow to allow equi-
librium between skin and plasma. Or, stated in reverse, the exchange system 
for Na between skin and plasma is faster than between skin and outer medium. 
It will be noted that complete equilibrium is not obtained between plasma 
and any other tissue tested, the usual value for the relative specific activity, 
(sp act tissue/sp act plasma) X 100, being in the 80 to 90% range. Inex-
changeable or very slowly exchangeable Na has been reported for isolated 
tissues (Harris and Steinbach, 1955). In the present series there are no readily 
apparent methodological errors and hence the provisional conclusion must 
be drawn that, within the time limits noted, complete exchange of tissue Na 
with plasma Na is not effected. The slowly exchangeable fraction is very 
similar in magnitude to that reported by Sorokina (1964) for amphibian 
muscle. 
In the case of K, unexpected difficulties were encountered in measuring 
plasma K concentration. In the interest of reducing the time for taking the 
tissue samples, blood was collected by opening the abdominal wall, cutting a 
slit in the ventricle, and allowing blood to drain into a centrifuge tube. The 
sample was then centrifuged and the plasma removed, either with a pipette or, 
in the case of some very rapidly clotting samples, as chunks of clear clot. 
Two-thirds of the plasma samples collected this way showed K concentra-
tions much higher than the usual values of 2.5 to 3.0 mM. Specific activities 
calculated on the basis of these high concentrations gave absurdly low values 
as compared with the specific activities of the various tissues. Since some color 
due to hemoglobin was usually evident, it was assumed that those plasma 
samples showing K concentrations of 3.5 mM and above were contaminated, THE JOURNAL OF GENERAL PHYSIOLOGY • VOLUME 49 • 1g66  I I 14 
primarily by hemolysis, with erythrocytes. K
4
2
 exchange with frog erythro-
cytes is very slow, less than 10 per cent exchange in 12 hours in the present 
studies. Therefore, the contamination would be predominantly with inactive 
K. In presenting the results in Table I, two sets of values are given for K
4
2
 ex-
change of tissues with plasma: the one, for the few cases in which plasma K 
values were in the normal range (average 2.9 mmoles/liter); the other, for 
those in which the plasma values were high and the specific activities were 
calculated on the basis of an assumed true value of 3 mmoles/liter plasma K. 
For these reasons the specific activities of the tissues in relation to plasma 
have relevance to each other but cannot be taken as absolute values for ex-
change with plasma K. 
Regardless of the base for calculating relative specific activities, it is quite 
clear that the belly skin, in direct and continuous contact with the radioactive 
environment, has a specific activity higher than that of plasma or any of the 
internal tissues. Thus, the rate of entry of K from solution to skin must exceed 
the rate of exchange between skin and plasma—the reverse picture from that 
presented by the Na
2
4
 data. 
Since care was taken to rinse the frogs well and wipe them dry with paper 
toweling, contamination with the medium seems ruled out. A large bulk con-
tamination would be necessary in any case. For example, in a case where 
plasma K was measured at 2.9 mmoles/liter, the following figures were ob-
tained (figures rounded to whole numbers): 1 mg of skin contained 166 cpm; 
1 mg of the bathing solution contained 96 cpm; 1 mg of plasma contained 4 
cpm. The specific activity of the skin was 2.6 times that of the plasma. If it 
were assumed that the skin counts were raised by bulk contamination, to ac-
count for the excess over plasma, there would need to be a third or more of 
the skin weight involved, a very unlikely proportion. In any case, appreciable 
bulk contamination should also show up in the Na
2
4
 experiments, and the re-
suits indicate clearly that this does not occur. 
Average Na and K Contents of Selected Tissues and Distribution of the Ions 
within the Whole Animal 
During the course of these investigations, a rather large number of chemical 
analyses of selected tissues were made from freshly killed animals. These are 
summarized in Table II. Variations may be rather large. In the cases of heart 
and liver, some variability may be due to incomplete removal of blood. The 
values for Na and K contents of skin from normal frogs (Table II) are very 
similar to those reported by Hufetal. (1955) for isolated Ringer-soaked skins. 
In connection with some preliminary calculations about rates of exchange, 
it was desirable to know the Na, K, and CI content of the frog body and to 
have some idea of the relative distribution of the elements in the various tis-
sues. I could find no good data in the literature, and therefore two animals, 1113 
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one female with eggs and one male, were dissected and the major portions 
analyzed for relative weight and for Na, K, and CI contents. The skin was 
stripped in toto and represents the only cleanly dissected portion. "Viscera" 
includes all internal organs of the abdomen, thorax, throat, and mouth 
TABLE 11 
AVERAGE VALUES FOR Na AND K 
CONTENTS OF FROG TISSUES 
Concentration in mmoles per kg wet weight. Figures in parentheses indi-
cate numbers of analyses of individual frogs and ranges of values averaged. 
Belly skin  Back skin  Liver  Heart  Muscle 
Na  64±1.2 (23)  74±2.2 (23)  30±1.7 (17)  58±2.1 (23)  26±1.4 (23) 
(55-74)  (57-100)  20^15  (38-78)  (18HW) 
K  53±1.9 (23)  46±2.0 (23)  82±1.8 (17)  70±3.1 (23)  96±1.7 (23) 
(35-74)  (29-63)  (66-93)  (46-100)  (78-113) 
TABLE III 
ANALYSES OF VARIOUS PORTIONS OF BODIES OF TWO 
FROGS, ONE MALE AND ONE FEMALE 
For details of dissection, see text. Concentrations in mmoles per kg wet 
weight. 
Na K CI 
Relative 
weight Cone. Rel. amt. Cone. Rel. amt. Concr Rel. amt. 
Male frog 
Skin  16  67  20  39  13  53  23 
Viscera  11  48  9  45  10  44  13 
Musculature  22  23  8  77  35  16  9 
Skeleton  42  71  50  50  43  32  36 
Fluids  8  100  14  3  <1  90  19 
Whole body 
Female frog 
(100)  59  (100)  49  (100)  37  (100) 
Skin  14  47  13  34  10  37  14 
Viscera  17  37  13  41  15  30  14 
Ovaries  12  27  7  28  7  42  14 
Musculature  19  29  11  89  36  22  12 
Skeleton  30  65  40  49  31  31  26 
Fluids  8  100  16  3  <1  90  20 
Whole body  (100)  49  (100)  47  (100)  38  (100) 
cavity, except in the female, where the ovaries with ova were treated sepa-
rately. 
The muscle fraction includes only the muscles of the extremities and the ab-
dominal muscles. The dissection was carried out on paper toweling and the 
"fluids" were estimated as equal to the difference between the sum of the 
weights of the parts and the weight of the whole intact animal. The skeletal THE JOURNAL OF GENERAL PHYSIOLOGY • VOLUME 49 • 1g66  I I 14 
system thus includes, in addition to bone and cartilage, the central nervous 
system and a small portion of the muscular system. 
As far as the present study is concerned, the main virtue of the figures in 
Table III is to show that total body contents (in equivalents) of Na and K are 
not widely different. Therefore for rough estimations, the relative specific 
activities of the plasma, for animals taking up K
4
2
 or Na
2
4
 from solutions of 
equal ionic strength, indicate relative rates of entrance of the respective 
isotopes. On this basis, Na enters the frog some 5 to 10 times faster than does 
K. 
DISCUSSION 
Rana pipiens, the frog used in these studies, is one of the semiaquatic fresh 
water species (Schmid, 1965), although it appears to spend a great deal of 
time wandering around meadows and through damp forests (Dole, 1965). A 
number of closely related forms can be kept for extended periods in environ-
ments containing up to 0.2-0.3 M salt (see Maetz, 1959; Gordon et al., 1961). 
However, a dilute salt environment appears to be normal for most anurans 
and certainly approximates conditions for long term survival of R. pipiens in 
captivity. 
As measured by isotopic tracers, both Na and K exchange between environ-
ment and frog. In the case of Na, this exchange is well known to involve also 
a net inward movement against a chemical gradient. There is no evidence for 
such a process involving K, and, indeed, isolated skin preparations show a net 
movement of K in the reverse direction (Steinbach, 1937; Huf and Wells, 
1953). 
The results presented in Table I show that the isotopic proportion of Na
2
4 
(specific activity) of the skin follows that of the blood plasma, the internal 
environment. On the contrary, the isotopic proportion of K
4
2
 tends toward 
that of the outer environment. If the skin is regarded as a simple homogeneous 
layer, these results would indicate that the exchange rate for Na is greater 
plasma to skin than medium to skin, and for K the exchange rate is greater 
in the direction environment to skin. If exchange rates are related directly to 
the ease of movement (permeative ability) of the respective ions, the outward 
facing surface, with reference to the inner, is more permeable to K, with the 
reverse situation for Na. 
Unfortunately, the skin is not a homogeneous layer, but differs markedly 
in structure and composition. Two major levels may be distinguished: an 
outer cellular epithelial layer, the epidermis, and an inner layer loaded with 
connective tissue, the dermis. Further complications include the secretory 
cells of the glands and the inner cellular layer sometimes termed the tela sub-
cutanea. There is very little direct evidence regarding the ionic composition 
of the two general layers noted here. Hansen and Zerahn (1964) have, how-1113  H. BURR STEINBACH Na and K Exchange between Frogs and Environment 
ever, done a unique job of slicing frozen Rana temporaria skin parallel to the 
skin surface and have published figures on relative weights and ionic composi-
tion of the layers. Their major objective was to study distribution of lithium, 
but some of their results in low Li media may be used to assess the Na and K 
contents of epidertnis and dermis respectively. Their experimental conditions 
involved treating the inside of isolated skin with Na-Ringer, the outside with 
Mg-Ringer. Thus, though the outside was bathed in a medium of high ionic 
strength, the Na and K concentrations were both held low outside, and thus 
the conditions could be held to approximate those of the intact frogs studied 
in this paper. 
TABLE IV 
RELATIVE WEIGHTS, RELATIVE AMOUNTS OF Na AND K 
FOR EPIDERMIS AND DERMIS 
Data estimated from 28 November 1963 samples, Hansen and Zerahn (1964), 
Table II, excluding column 8. Concentrations in mmoles per kg wet weight. 
Relative weight 
Na 
Rel. amt.  Cone. 
K 
Rel. amt.  Cone. 
Epidermis  15  6  30  30  80 
Dermis  85  94  70  70  35 
Whole skin  100  100  63  100  43 
Belly skin*  64  53 
* From Table II of the present paper. 
Selecting two (28 November 1963) cases with low (2.3 ITLM) Li added, 
Table IV may be constructed from averages. 
If the distribution of ions in skin, intact on the body of R. pipiens, is similar 
to that given in Table IV, and if the permeability to Na is greater at the outer 
layer, then 6 per cent of the Na of the skin should have a specific activity ap-
proaching that of the medium, and the specific activity of the total exchange-
able Na of the skin should be higher than that of the plasma. Assuming that 
much of the apparently nonexchangeable Na is associated with connective 
tissue (see Harris and Steinbach, 1955, for muscle Na), then clearly there is no 
evidence for a greater permeability to Na of the outer surface of the skin. On 
the contrary, since the specific activities of the skin with either inward or 
outward movement are the same and appear to relate to plasma specific ac-
tivities, it is most probable that the actual ease of movement of Na
2
4
 between 
skin and plasma is greater than that between medium and skin. Similarly, 
the reverse situation must be true for K. 
Rana pipiens in a fresh water pool is thus faced with a situation where the 
outer layers of skin, with Na concentrations of 20 to 30 MM, are bathed on the 
inner surface with high Na fluid, on the outer surface with Na concentrations THE JOURNAL OF GENERAL PHYSIOLOGY • VOLUME 49 • 1g66  I I 14 
1 mM or less. If there is an active extrusion mechanism for Na, epithelial cells 
to plasma, then the low permeability of the outer surface to Na would be of 
distinct advantage for cutting down outward leakage or for preventing over-
loading of the inward directed pump. Such a mechanism would not, however, 
account for the active net uptake of Na by whole frogs as noted by Krogh. 
Some mechanism must be present at the outer surface to concentrate Na from 
the dilute environment at least to the 20 to 30 mM level. This need not, of 
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FIGURE 4. Diagrammatic illustration of ionic gradients that probably exist between 
environment and skin and between skin and plasma, for intact animals in pond water 
(upper part) and for isolated skin in media of Ringer's salt concentration (lower part). 
Concentrations estimated as rough approximations from several sources of data, es-
pecially Hansen and Zerahn (1964). Relative proportions of the skin layers as illus-
trated do not indicate true proportions. See text for estimates of relative weights of 
epidermis and dermis. Triangles point directions of chemical gradients. Parallel lines 
indicate presumed equality of concentrations. 
course, occur in one step, since the epidermis has a different cell structure at 
the outward facing surface from that at the surface adjacent to the dermis. 
While no mechanisms performing this function are known in detail, several 
fresh water forms such as hydroids (Steinbach, 1963) and flatworms (Stein-
bach, 1962) are able to concentrate Na as well as K from a dilute environ-
ment, switching to an apparent sodium extrusion when grown in a high salt 
medium. 
The upper part of Fig. 4 illustrates conditions that appear to be present in 
the skin of the intact frog in contact with a dilute salt environment. The lower 1113  H. BURR STEINBACH Na and K Exchange between Frogs and Environment 
part of the diagram shows, in similar fashion, the conditions that probably 
exist in bits of isolated skin separating two compartments filled with Ringer's 
or a similar fluid. 
It has been proposed (see MacRobbie and Ussing, 1961) that the diffusion 
of Na from medium to skin follows essentially a chemical gradient, medium 
to outer epithelial cells. Epithelial layer Na concentration is then presumably 
kept low by active transport, inner epithelial cells to dermis to plasma. The 
level of Na concentration in the epithelial cells then becomes a matter of 
critical concern, and, unfortunately, there is no way of determining at present 
whether this level does indeed fall below 1 mM as would be required for active 
uptake of Na by intact frogs in pond water. There is no evidence that such a 
low Na level does exist in frog skin. If the Na concentration of the epithelial 
cells did indeed fall to very low (< 1 mM) levels, it would indicate an active 
transport mechanism of the inner layers, inward directed, of much greater 
effectiveness than is shown by single cell systems such as muscle and nerve 
fibers. It seems more reasonable to postulate a carrier mechanism at the outer 
surface, which may well saturate at a fairly low level of concentration of Na 
in the outer bathing medium. Cereijido et al. (1964) discuss such mechanisms 
in relation to their provocative and precise measurements on the effects of Na 
concentration on Na transport across isolated bits of frog skin. 
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of Chicago. 
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